The benefit of elective nodal irradiation (ENI) in combination with androgen deprivation therapy in high risk localized node negative prostate cancer has yet to be clearly defined. The potential gains in local control have been offset by the increased toxicity associated with pelvic radiotherapy, and recognition that historically the only trials to demonstrate a survival advantage in this group have been with androgen deprivation therapy. This review article considers the impact of pivotal randomized clinical trials conducted over the last thirty years on routine clinical practice, and how modern techniques may help to redefine radiotherapy as a necessary component for this group of patients.
Introduction
The clinical benefit of elective pelvic nodal irradiation (ENI) in the management of prostate cancer remains controversial and as yet unproven. Historically concerns have been raised with the increased gastrointestinal toxicity associated with pelvic radiotherapy, with questionable gains in overall survival over and above that of long term androgen deprivation therapy (ADT), which has long been considered the mainstay of treatment for advanced prostate cancer.
However, the question of pelvic radiotherapy is gaining renewed interest in high risk node negative prostate cancer especially as there is now increasing supportive data for the use ADT with prostate and pelvic radiotherapy in the management of node positive disease [1] [2] [3] .
Search Strategy and Selection Criteria
Medline citations were searched under the terms "radiotherapy", "pelvic" and "prostate cancer" on 1 st September 2017. The initial search yielded 2254 publications. Only papers published in English since January 1 st 1980 were included resulting in 2012 results. Of those, publications were only considered if they were phase three trials comparing prostate-only versus prostate and pelvic radiotherapy with either the whole cohort being clinically node negative or had a documented proportion of patient that were node negative. Studies on post-operative radiotherapy, or lymph node positive patients were not included. This resulted in 24 selected studies ( Figure 1 ).
Rationale of Combining ADT with Radiotherapy
The rationale for utilising radiotherapy stems from the belief that the cytotoxic effect would permit local control of the disease which in the long term would translate into a cancer cure without necessarily impairing the patient's quality of life.
Combining radiotherapy with ADT has certain advantages. Firstly neoadjuvant ADT may allow for at least a 30% cytoreduction of the prostate target volume [4] , thereby reducing the dose and hence toxicity to adjacent tissues such as the bladder and rectum. Secondly there may well be a synergistic effect with ADT and radiotherapy. Preclinical studies in mouse models have shown that hormonal treatment can act as a radiosensitizer allowing for a significant especially when hormonal treatment was used neoadjuvantly [5] .
Whilst this strategy has been widely adopted in low and intermediate risk organ confined disease where at least 6 months of hormonal therapy is given with radiotherapy [6] [7] , there still remains much controversy in the context of node positive and high risk disease where the risk of systemic relapse is probably higher than local progression. The addition of radiotherapy has yet to be clearly defined in terms of radiation field, dose required and the optimal duration of hormonal therapy.
For those patients with clinically staged organ confined disease (cN0), there is recognition that regional lymph node metastases can be as high as 40% in patients with high-risk disease [8] . There are various predictive models that can be used to estimate the risk of lymph node involvement. One commonly used example is the Roach formula based on parameters such as Gleason score and PSA which was developed in the early PSA era, using a cut off level of greater than 15% to designate high risk patients that would be suitable for pelvic radiotherapy [9] .
As such elective pelvic nodal irradiation in those considered at particularly high risk delivered at the same time as prostate radiotherapy was put forward as a strategy for improving clinical outcome, and has been a longstanding therapeutic dilemma, especially given the concerns of bowel toxicity with pelvic irradiation.
High-risk node negative diseaseencompasses aheterogeneous group ranging from T3/T4 tumours, Gleason score 8 -10 disease (irrespective of the T stage), and for those patients with PSA > 20 (irrespective of T stage or Gleason score). It is this heterogeneity that makes interpretation of trial data difficult. In addition the Roach formula, when applied to a more contemporary cohort probably overestimates lymph node risk and adjustment factors need to be applied [10] . Table 1 shows a summary of the most pivotal prospective randomized trials addressing the issue of combined modality treatment for high risk disease. Most trials involve prostate and pelvic radiotherapy and all show a survival advantage when ADT is added to radiotherapy (RT).
The EORTC 22863 trial was one of the earliest randomized trials to show an improvement in overall survival when RT was added to ADT for high-risk disease and set a benchmark for clinical practice. In this trial 415 patients with T3-T4 or high grade T1-2 disease (all node negative) were randomized to receive either RT alone (50 Gy to the whole pelvis and a prostate boost to 70 Gy) or the same RT and an LHRH analogue (monthly Goserelin) starting on the first day of radiotherapy and continuing for 3 years. After a median follow-up of 9.4 years a significant difference in 10-year overall survival was observed for those receiving combined modality treatment 58.1% vs 39.8%, p = 0.0004 [11] .
One of the criticisms of this study was that it did not look at what ADT alone may have provided, but this was to be addressed by 2 subsequent trials. 10-year rates for the incidence of distant metastases and disease-specific mortality was 24% vs. 39% (p < 0.001) and 16% vs. 22% (p = 0.0052), respectively, both in favor of the RT + ADT arm. Updated results with median follow up of 6.6 years, no statistically significant differences were found in PFS or OS The SPCG-7 trial included 875 patients with locally advanced prostate cancer who were randomly assigned to ADT alone (3 months of total androgen blockade followed by continuous endocrine treatment with the anti-androgen-Flutamide) or to the same ADT combined with local prostate RT. After a median follow-up of 7.6 years the addition of RT to ADT halved the 10-year prostate-specific mortality (23.9% vs 11.9%) and substantially decreased overall mortality (39.4% vs 29.6%) [12] .
These results were confirmed in a later trial by the PR07 group which randomised 1205 men to lifelong ADT alone, or to prostate and pelvic RT plus lifelong ADT. At 8 years, the combined RT and ADT treatment arm resulted in improvement in disease-specific mortality (absolute difference = 20%; hazard ratio
[HR] = 0.46), and overall mortality (absolute difference = 6%; HR = 0.70) with a median overall survival of 9.7 years (95% CI, 8.8 to 10.5 years) for patients on the ADT alone arm, compared to 10.9 years (95% CI, 10.0 to 12.8 years) for patients on the ADT+RT arm. Interestingly in the ADT alone group, 10% received delayed RT for local progression, suggesting that these results may underestimate the benefit of RT. Although patient on ADT + RT reported a higher frequency of adverse events related to bowel toxicity, these were manageable with only two of 589 patients reporting grade 3 or greater diarrhoea at 24 months after RT [13] .
Whilst undoubtedly combined modality treatment with ADT and RT has -Should the pelvic nodes be treated (elective pelvic nodal irradiation-ENI)?
Optimal Duration of Hormonal Therapy (ADT)
The recognition that long term hormonal therapy can be associated with an increased risk of osteoporosis, diabetes and cardiovascular toxicity [14] [15] has stimulated interest in reducing the amount of duration of androgen deprivation when combined with RT.
The RTOG 85-31 was among the first prospective trials to establish the benefit of combined modality treatment in patients with locally advanced disease in- was no demonstrated statistically significant benefit in any outcome [17] , suggesting that patients with higher risk factors may need longer than 4 months of androgen deprivation to make a notable impact on the natural history of the disease. This trial was part of a combined meta-analysis of RTOG trials which concluded that patients Gleason Score tumours of 8 -10 or Gleason Score 7 with at least T3 disease benefited from the use of long-term ADT [18] .
The RTOG 94-13 study reinforced the idea of at least 4 months ADT which when started at least two months prior to radiotherapy and used in combination with whole pelvic radiotherapy showed an improvement in local control and a trend to overall survival. 70% of the cohort had GS > 7 and thus study was unable to answer the question of benefit of androgen deprivation when stratified to
Gleason Score [19] .
Whilst the initial EORTC trial looked at three years of hormonal treatment, Journal of Cancer Therapy both the PR07 and SPCG-7 trials used continuous ADT for men with essentially high-risk disease. A subsequent study by the EORTC (22961) investigated whether a shorter course of ADT could be used in men with locally advanced prostate cancer including node positive disease (T1c-2b/N1-2/M0 or T2c-4/N0-2/M0). In this trial 970 patients who had received radiotherapy plus 6 months of androgen suppression were randomly assigned to two groups either no further treatment (short-term ADT) or to receive 2.5 years of further treatment (long-term ADT).
At 5 years overall mortality was found to be higher with short-term than with long-term suppression, as was prostate-cancer specific mortality and all other efficacy endpoints, whereas overall quality of life did not differ significantly between the two groups. As such non-inferiority could not be shown leading the investigators to conclude that short-term ADT was inferior to long-term suppression [20] . Taken together these results seem to suggest that the duration of androgen deprivation seems to be optimal when started neoadjuvantly, and does not necessarily need to be lifelong but probably is optimal when given for a duration of between 6 months to 2 years, with a longer duration of hormonal therapy required for patients with Gleason 8 -10 tumours.
The Benefit of Elective Nodal Irradiation
Although combined modality treatment for high risk prostate cancer is now well established, the use of elective nodal irradiation remains controversial and practice varies greatly amongst Clinical Oncologists. Some argue that for 'high-risk' disease standard therapy should remain prostate and pelvic radiotherapy with three years of androgen suppression, as this has previously been adopted as standard treatment used in phase III trials. However, there remains some reluctance to using pelvic irradiation due to concerns over the increased risk of acute and late bowel morbidity, in the absence of any survival advantages.
In a large retrospective study analyzing over 14,000 high risk prostate cancer patients from the National Cancer database, whole pelvic radiotherapy did not confer a survival advantage over prostate only radiotherapy [22] . before RT and continued until radiotherapy was completed, whilst AHT commenced at the completion of radiotherapy for a total duration of 4 months. The results showed that when administered with NHT, there was improved progression-free survival (PFS) with WP compared with PO radiation fields (PFS: 60% v 44% at 4 years, respectively; p = 0.008) and improved prostate-specific antigen (PSA) relapse-free survival (70% vs 57% at 4 years, respectively; p = 0.048).
However, no overall survival (OS) differences were observed [19] . The findings suggest that greatest benefit of pelvic radiotherapy seems to be in those with a pelvic lymph node risk of 15% -35%. Subsequently, updated results of RTOG 9413 after a median follow-up time of 6.6 years were published. Althoughno statistically significant differences in PFS or OS between NHT versus AHT and WPRT versus PO radiotherapy were seen, there was however a notable trend towards in PFS (p = 0.065) in favour of the WPRT + NHT arm compared with the PORT + NHT and WPRT + AHT arms [23] . This came at the expense of increased grade 3 gastrointestinal toxicity with pelvic radiotherapy (5.1%, (NHT+WPRT), 1.6% (both ADT arms) and 0.6% (NHT +PORT) at 10 years) [24] .
The GETUG-01 study randomized 446 patients between1998 and 2004 with organ confined node negative disease to prostate only versus whole pelvic RT with 6 months of ADT (neoadjuvant and concurrent) allowed for high risk patients (T3, or GS > 6, or PSA > 3X ULN). The pelvis was treated with a four field technique to 46Gy and the prostate treated to initially 66Gy but was subsequently increased to 70Gy as the trial progressed. After a median follow-up of 11.4 years, there was no statistically significant difference in overall survival (74.9% vs 73.6% p = 0.18) or event free survival (57.6% vs 55.6% p = 0.9715) between pelvic or prostate RT [25] . Somewhat surprisingly in a post hoc subgroup analysis there was a 15% improvement in event free survival for those with a low risk of lymph node involvement (<15%-Roach formula), but this was not deemed clinically significant when interpreting data with a limited effective size (approximately 20% of the cohort), and moreover any advantages were observed predominantly in patients who did not receive any ADT [25] .
These observations were also observed in a subgroup analysis of a chemotherapy study performed subsequently by the same group. The GETUG-12 trial randomized 413 patients with high risk disease who had full staging with a lymphadenectomy to receive ADT for 3 years, versus the same with 4 cycles of Docetaxel and Estramustine. Local therapy was administered 3 months after the start of systemic treatment. The use of elective nodal RT was left to the treating Oncologist and this was administered to a dose of 46 Gy in150 out of 358 patients Journal of Cancer Therapy that received radiotherapy. This unplanned analysis on the impact of radiotherapy in this trial failed to demonstrate a benefit of pelvic elective nodal irradiation on biochemical progression free survival in high-risk localized prostate cancer patients. Whilst pelvic lymphadenectomy and pelvic RT did not result in an increased morbidity compared to that with prostate-only RT, radiotherapy seemed to have a negative impact on those with node positive disease, with survival advantages only observed with chemotherapy [26] .
In a more recent study, the ASCENDE-RT trial enrolled 398 men, of which just under 70% of the cohort had high risk disease. After stratification by risk group, the subjects were randomized to a standard arm with 12 months of ADT, pelvic irradiation to 46 Gy, followed by a dose-escalated external beam radiation therapy (DE-EBRT) boost to 78 Gy, or an experimental arm that substituted a low-dose-rate prostate brachytherapy (LDR-PB) boost. Of the 398 trial subjects, 200 were assigned to DE-EBRT boost and 198 to LDR-PB boost. After a median follow-up was 6.5 years, patients who received the LDR-PB boost were twice as likely to be free of biochemical failure, suggesting an improvement in local control, but as yet not demonstrating a survival advantage [27] . But do the results of these trials mean that we should now disregard the issue elective pelvic nodal irradiation in high risk disease? Whilst they have not shown an advantage in overall survival there is a persistent albeit non-statistical significant trend for improvement in local control. In particular the RTOG-9413 was not adequately powered to compare the four treatment arms one against the other. Yet when comparing the WPRT + NHT arm to the PORT + NHT arm there was a trend towards statistical significance in the endpoints of PFS (p = 0.023) [24] . It is important to note that approximately 50% of patients in the GETUG-01 trial had a low risk of pelvic nodal involvement, with only approximately 11% having Gleason 8 or greater tumours, and just 25% with T3 disease [25] . As such this selection weakens the conclusion about the lack of benefit from WPRT. Conversely in the RTOG-9413 study roughly half of all patients in this study had a pretreatment PSA > 20 ng/ml and roughly 70% were clinical T2c to T3 disease [19] . Thus with such high risk disease it could be argued that these patients would be better served with higher radiation does to both the prostate and pelvis.
Alsoin both the GETUG-01 and the RTOG trials the duration of ADT allowed was for either 4 -8 months or 4 months respectively neither of which would nowadays be considered optimal. With regards to radiotherapy technique the upper border of the pelvic field in the GETUG study was at the spinal level of S1/S2, and in the RTOG trial was similar in that the maximum field size was 11 × 11 cms to the cover the internal and external iliac nodes without coverage of the common iliac nodes. It is widely accepted nowadays that the superior border of the pelvic field should be higher to cover common iliac nodes at the spinal level of L4/L5 [28] .
An interesting and somewhat curious observation of the RTOG study trial was that WPRT appeared to be beneficial when hormone therapy was given neoadjuvantly and concurrently yet detrimental to survival when hormones were given adjuvantly, and this interaction was not seen in either of the PORT arms. The authors postulate an immune modulation of anti-androgen therapy which causes T cell infiltration of involved lymph nodes such that there is an increase in apoptosis before and during RT which may make the radiation therapy more effective at the doses used to treat the lymph nodes [16] .
Although plausible this is somewhat at odds to the observation by Braunstein et al. [29] , who analyzed over 3700 patients prostate cancer patients that were treated either WPRT or prostate and seminal vesicle radiotherapy (PSVRT) plus brachytherapy boost with or without a short course of neoadjuvant ADT. Both WPRT and short course ADT were associated with a decreased risk of all cause mortality although a combination of the two did not yield a greater benefit suggesting a shared mechanism for the risk reduction in that either modality were dealing with micro-metastatic disease within the pelvic lymph nodes [29] .
Thus the issue of elective pelvic lymph node irradiation still remains contentious despite the plethora of trial data. The dose of 46 Gy to the pelvis used in the majority of trials may not be enough to sterilize lymph nodes, and the duration of hormonal therapy started neoadjuvantly and continued for a period of at least two years would seem to be a minimal requirement. Furthermore, patient selection seems to be key with probably a greater benefit to be derived from those with much higher risk disease (LN risk > 30%). The introduction of highly conformal radiotherapy techniques such as intensity modulated radiotherapy (IMRT) have allowed for greater dose sparing to both the small and large bowel in pelvic radiotherapy [30] with an opportunity for safe dose escalation has provided renewed impetus for both elective pelvic nodal irradiation and boosting involved nodes.
The Royal Marsden have conducted a phase 2 trial-PIVOTAL to address this issue using IMRT with 2 years of ADT for patients with high risk (T3/T4 N0 disease with a greater than 30% risk of pelvic nodal involvement) disease [31] .
124 patients who received at least 6 -9 months of neoadjuvant androgen deprivation were then randomized to prostate alone (74 Gy/37f) or 74 Gy/37 fraction to prostate with 60 Gy/37f to the pelvis using a simultaneous integrated boost.
The contouring of the pelvic lymph nodes were standardized and consensus guidelines developed to allow a greater degree of reproducibility representing a modification of previous RTOG guidelines and the Royal Marsden's own technique [32] . The results of this trial are eagerly awaited.
The RTOG likewise are conducting a further randomised study to look again at the question of using higher radiation doses to the pelvis and prostate with IMRT with or without brachytherapy boost in patients with unfavorable-intermediate or favorable high-risk patients [33] . The pelvic field in comparison to previous RTOG studies will have extended superior coverage to L4/5, together with an opportunity for varying duration of ADT (4, 6 or 32 months beginning approximately 2 months prior to RT).
Summary
Combined modality treatment with hormones and radiotherapy represents the standard of care for high risk locally advanced node negative prostate cancer.
The duration of androgen deprivation has to be balanced by the associated risks cardiovascular and metabolic complications, with a longer duration needed for those at greater risk of lymph node involvement and systemic disease. 2 years of androgen deprivation started just prior to radiotherapy represents a benchmark.
It still remains to be determined whether elective nodal irradiation to the pelvis is more beneficial than prostate only radiotherapy, though current image guided conformal radiotherapy techniques allows for an acceptable toxicity profile with prostate and pelvic radiotherapy.
